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The purpose of the intensive animal breeding is to increase the production of beef cattle. This goal is being achieved both by better utilization of potential growth capacity of our breeds and their crosses with beef types and by decrea~ing the losses caused by the lowered nutrient conversion, diseases and emergency slaughter of animals. The preferential task in solving of these problems has been attributed to the nutrition of animals reared under these technologies which is a limiting factor not only for the growth intensity but also for the morbidity and the resulting losses.
New knowledge in the field of animal nutrition and the rapid development of clinical biochemistry create favourable conditions for the investigation and influencing the growth capacity of young cattle, for its active production and health control. The main aim of these efforts has been to ensure optimal, economically effective production of wholesome and safe foodstuffs of high nutritional value for human consumption.
The examination of biological fluids and tissues using modem laboratory techniques has already been commonly used in diagnosis of production and metabolic disorders in dairy cows and calves not only abroad (Payne 1977) but also in this country (Jagos et al. , 1977 . Lately, a system of preventive diagnosis for breeding of sheep and sows has also been worked out (J agos et al. 1980, 1981) . Till now, no detailed findings have been published concerning hematological and biochemical parameters in healthy bulls compared with those suffering from metabolic disorders.
Material and Methods
The experiment was carried out in 10 bull fattening centres with the capacity of 400-1000 animals with modem management and housing in the duration of three years. Free housing with slatted floor and deep litter have been used in 7 and 3 high-capacity calf houses, resp. The basic feed ration consisted of maize silage (12-20 kg/animal and day) and of pressed feeds containing concentrates and urea. In six fattening centres this feed ration was supplemented by poultry litter.
The group screening of animals and preliminary evaluation of housing technology was carried out in each breed. The feed ration, the average body mass gain, the consumption of concentrates per kg of gain and the losses caused by emergency slaughter and death were found.
From each fattening house a group of iO-25 bulls of the Bohemian Spotted breed, with body mass of 320-400 kg, and without clinical signs of illness was selected twice a year. In individual animals basic clinical examination, blood and bone tissue sampling were conducted. Altogether 631 bulls were examined during 3 years.
Blood sampl~s for the determination of hematological and biochemical parameters were taken from v. jugularis. Bone biopsy of tuber coxae was used to obtain bone tissue samples.
In order to determine the acid-base status the blood samples were taken anaerobically into heparinized syringes and then kept in an icy water bath prior to analysis. Blood samples for biochemical examination were collected into heparinized tubes, centrifuged within 30 minutes of sampling and the plasma was immediately separated from erythrocytes.
Blood samples for hematological examination were taken into tubes containing anticoagulant. Hemoglobin and hematocrit values were determined on the Coulter Counter instrument. Methemoglobin was measured photometrically by the method according to Homolka (1971) .
The acid-base balance of the venous blood was found using the equilibmtion method on the Astrup instrument BME 22 (Radiometer). The Siggaard-Andersen nomogram (Sigaard-Andersen 1963) was used.
The total protein of the blood plasma and the levels of inorganic phosphorus and urea were determined photometrically using the Bio-test (Lachema). The glucose content in blood plasma was found by a specific enzymatic method using the Beckman glucose analyzer. The concentrations of Na, K, Ca, Mg, P, Zn and Cu in the blood plasma were determined by the atomic absorption spectrophotometry on the Hilger Atomspek. The standard solutions for the AAS (Harleco) and the control sera of Hyland were used for calibration.
The collected samples of the cancellous bone tissue were made up to constant volume of the fresh tissue. Fat was extracted from the bone tissue by ether using the Soxhlet instrument. The samples were dried at 105°C for 48 hours, then weighed and mineralized by heating in a muffle furnace at 550 °C.
From the total number of 631 investigated bulls both healthy animals and those with metabolic disturbances were selected on the basis of clinical and clinico-biochemical examinations. In animals with subclinical disturbances the values of basic hematological parameters in blood and blood plasma were determined. The significance of differences in biochemical values of healthy bulls and those with metabolic disturbances has also been evaluated.
The results obtained were processed on the Model 9810 A minicomputer. The arithmetic mean (i) and the standard deviation (s) for the group of healthy animals and that of animals with individual metabolic disturbances were computed. The Student's t-test and critical values of the Student's t-distribution of frequencies (Myslivec 1957) were used for the testing of the difference significance of two means.
Results
The reference values of the basic hematological and biochemical parameters (Table 1) were obtained from bulls without clinical signs of a disease, with a good growth rate and with an optimal level of nutrition. The set comprised 144 bulls with average daily gains from 0.80 to 1.24 kg.
Hematological and biochemical parameters of blood and blood plasma of bulls with subclinical metabolic acidosis are presented in Table 2 , those found in bulls with subclinical metabolic alkalosis in Table 3 . Table 4 and Table 5 give the concentrations in bulls with rachitis and hyperphosphataemia, resp. Data concerning animals with hypomagnesaemia are presented in Table 6 . The statistical significance of differences of values of selected hematological and biochemical parameters between healthy animals and those with metabolic disturbances is shown in Table 7 . In bulls with metabolic acidosis significant changes in acid-base status, urea and phosphorus in the blood plasma were observed. In bulls with metabolic alkalosis a significantly higher value of BE, SB, inorganic phosphorus and zinc and significantly lower values of hematocrit and magnesium have been found. Significant differences in the values of acid-base status of blood, in potassium and zinc of blood plasma have also been determined in bulls with subclinical rachitis. In hyperphosphataemic bulls significant differences in acid-base status, hematocrit, total protein, urea, inorganic --
.05 x p<0.05 x x p < 0.01 phosphorus and zinc in blood plasma have been found. In hypomagnesaemic bulls the differences in hematocrit, area, magnesium and zinc have been found. The results of bone tissue analysis are presented in Table 8 . In the group of healthy bulls (47 animals) and with the growth intensity of 0.8-1.0 kg lanimall day an ash content in the dry matter of cancellous bone and in 1 cm 3 of fresh cancellous bone was found to be 605.936 mg.g-1 and 243.829 mg, resp. In bulls with subclinical rachitis, significant decrease in ash content in 1 g of fat-free dry matter has been determined. In bulls with rachitis and osteoporosis a significant fall in ash content in both 1 g of fat-free dry matter and volume unit has been found. The most significant changes have been observed in bulls with clinical signs of rachitis and with clinical signs of rachitis and osteoporosis.
Discussion
If the reference values of the basic hematological and biochemical parameters in blood and blood plasma of healthy bulls, presented in Table 1 , are compared with those for dairy cows (Jagos et al. 1977) the greatest difference is observed in the concentration of glucose and inorganic phosphorus in blood plasma. The content of these metabolites was found to be higher in the blood plasma of bulls. Other parameters do not differ much from those found for dairy cows and fit into the reference range. Slanina and Beseda (1979) found the reference values of hematological and biochemical parameters of dairy cows and beef cattle to be consistent. In comparison with the data presented by these authors the reference values of BE, Hb, glucose, calcium, phosphorus and copper found by us are higher and the values of hematocrit and total protein lower. If compared with the findings of Kitchenham (1977) we have observed the concentration of glucose and copper to be higher and that of phosphorus lower. The urea content in bulls on a diet of maize silage and on pressed feeds was found to be higher and lower, resp. than reported by Kitchenham (1977) . According to this author the level of natraemia was lower and that of kalaemia higher. If we compare the reference values of minerals in the blood plasma of bulls with our previous results no significant differences are evident. The only difference was observed in inorganic phosphorus. For bulls of 200-250 and 450-650 kg body mass ranges we presented a reference value of 2.82 ± 0.11 Ilmoljl and 2.01 ± 0.25 IImoljl, resp. (lagos et al. 1975) .
The reference values found in the present experiment lie approximately in the middle. They are identical or very similar to those given by Kroupova (1971) for bulls on a maize diet.
It follows that the determination of the so-called reference values in fattening bulls is not simple and that the age of animals, their growth rate and the system of feeding have to be taken into account. An objective comparison of the found values with those of other authors is very complicated since the latter include the examination of a small number of animals of various breeds or the number of animals is not stated at all. Rowlands and Manston (1976) state that the use of chemical analysis of blood in order to follow the health condition and the nutrition level of fattening cattle requires the comparison of the results with the reference values measured in animals with known optimal growth rate in the given system of fattening.
When determining the reference values the warning of Kitchenham and Rowlands (1976) should be taken into consideration. These authors pointed out that the chemical composition of blood of cattle is liable to the genetic control. Rowlands and Manston (1976) presume that the hemoglobin, potassium and copper concentrations in blood are subject to genetic control. Rowlands et al. (1974) have shown a direct correlation between the growth rate and the glucose, albumin, hemoglobin and potassium concentrations. Similarly, Kitchenham (1976) has found a higher growth rate in young cattle with a higher content of albumin in the blood plasma.
Owing to a considerable cross-breeding of our cattle, unsatisfactory health situation, and to imbalanced nutrition of animals in the investigated farms the levels of individual parameters, growth rate and the type of technology could not be objectively evaluated from the point of view of genetic origin. For this reason the reference values in this stage of research were determined for fattening bulls weighing 320-400 kg, with the growth rate of 0.8 -1.24 kg/animal/day, the feed ration being based on maize silage.
The values of basic hematological and biochemical parameters in blood and blood plasma of bulls suffering from metabolic acidosis, metabolic alkalosis, hyperphosphataemia, rachiti~ and hypomagnesaemia are presented in Tables 2-6. The significance of differences compared with reference values is given in Table 7 .
The values of acid-base balance (pH, pC02, BE, SB and BB) in the case of metabolic acidosis were found to be statistically highly significant as compared to the reference values, the only exception being pC02. Also the concentration of inorganic phosphorus in the blood plasma was highly significant. Other biochemical and hematological parameters followed did not differ from the reference values.
In bulls with the occurrence of metabolic alkalosis significantly changed values of BE and SB have been observed, pH was only slightly increased, the difference being not statistically singificant. Alkalosis was found to be moderate and often fully compensated.
Further significant changes were observed in the hematocrit, Mg, P and Zn content. The concentrations of hematocrit, Mg and K were found to be lower, those of inorganic phosphorus, Na, Zn and urea being, however, significantly higher. The changes in Na and K content in the blood plasma in metabolic alkalosis are given by the level of ion exchange between intracellular and extracellular fluid. In metabolic acidosis the transfer of K from cells to ECT and of N from ECT to cells occurs, this process being opposite in the case of metabolic alkalosis (Siggaard-Andersen 1962; Kildeberg 1968; Wright 1970; . Svendsen (1969) observed a decrease of 2 mmol/l in the K concentration in the blood plasma of animals with the experimentally induced metabolic alkalosis.
In our experiment the K content in the blood plasma of bulls with metabolic alkalosis was lower only by 0.39 mmol/l, that of Na being, on the other hand, by 3.34 mmol/l higher. With regard to the changes of Na and K content in extracellular fluid the changes in the volume of internal environment can also be expected.
Na+ has a considerably higher hydration level than K+. The Na+ hydration is given by the bonding of 4.3 molecules of water, that of K+ only by 0.9 molecule of water (Horejsi 1970) .
The changes in Na and K content in acid-base status disturbances are accompanied by water transfer between intra and extracellular fluid (Cort and Fencl 1957; Fayet 1971) . The statistically significant decrease of hematocrit concentration and an indication of the decrease in plasma proteins could be, to a certain extent, explained by the increase of ECT volume.
The main etiologic factor of metabolic alkalosis in bulls was found to be due to overfeeding with nitrogen compounds. Excessive intake of digestible nitrogen compounds in the feed ration caused hyperuremia, induced alkalic condition already in forestomachs and limited Mg absorption, thus decreasing significantly the Mg content in the blood plasma.
So far we have not been able to elucidate a highly significant increase of plasma Zn in the blood plasma in cases of metabolic alkalosis.
Metabolic acidosis and a significant fall in the total protein and hematocrit content and hyperuremia were found very frequently in cases of hyperphosphataemia. , Whether the metabolic acidosis was of primary or secondary origin is difficult to decide unambiguously.
The significant increase oPurea in the blood plasma could be caused, apart from the excessive intake of digestible nitrogen compounds, by the increased catabolism or by kidney disturbances (Slanina 1979) . Hypoproteinaemia corroborates the theory of lowered proteosynthesis and defective utilization of digestible nitrogen compounds.
Significantly changed values of acid-base balance, K and Zn concentrations in the blood plasma ar..d the ash content in the bone tissue were observed in bulls with rachitis. In our experiment statistically significant changes in the average content of inorganic P, Ca and Mg in the blood plasma of bulls with subclinical rachitis were found. We have, however, observed both lowered and increased values of inorganic P in the blood plasma, the standard deviation of the inorganic P content in the blood plasma in comparison with healthy bulls being twofold.
It could be concluded from the presented results that the content of osteotrophic minerals in the blood plasma cannot provide an objective picture of the level of bone tissue mineralization and on the change of cartilage to bone tissue. -That is the reason why subclinical rachitis in cattle cannot be diagnosed on the basis of Ca and P content in the blood plasma.
The decisive role in the diagnosis of subclinical rachitis belongs to the examination of bone tissue (ash content in 1 cm 3 and in 1 g of dry and fat-free bone tissue). This examination, completed by histological and histochemical results, is decisive for diagnosis and differential diagnosis of osteopathies (Priboth 1966; Priboth and Fritzsche 1969; ).
In bulls with subclinical hypomagnesaemia, which was diagnosed in 2.53 % of the animals examined, statistically significant differences in the Mg, hematocrit, urea, Zn and Na concentrations have been found. The average Mg content in the blood plasma was found to be 0.73 ± 0.02 mmoljl, this being by 0.25 mmoljl less when compared with healthy animals. This value is pathognomonic for subclinical tetanies in cattle generally (J agos et al. 1975) , being found also in individual animals with the clinical syndrome of hypomagnesaemia (J agos et al. 1974) .
Predominantly the Mg deficiency in the feed ration and the incomplete absorption of Mg due to the excess of digestible nitrogen compounds and K in the feed ration, the lack of crude fiber, overfeeding with Ca, P, alkalosis of the rumen content and . inflammation processes of the digestive system could all be regarded as causing agents for the hypomagnesaemia development (Rosenberger 1970; Payne 1970 Payne , 1972 Giirtler 1972 Giirtler , 1973 Jagos et al. 1974) . In our investigation the increased content of digestible nitrogen substances in the feed ration and an excess of K were observed to participate predominantly in the occurrence of hypomagnesaemia. These deficiencies were found in the fattening centres, where apart from maize silage, also poultry litter and urea were fed. The increased urea content in the blood plasma confirmed the overfeeding of animals with nitrogen substances. Neither in this experiment nor in our previous investigation have we found sinultaneous Ca and P decrease in the blood plasma of hypomagnesaemic animals. The increased concentration of Zn in the blood plasma is due to the higher intake of Zn in the feed ration supple-mented by poultry litter containing 80-150 mg of Znjkg of dry matter, this being in accordance with the observation made by Illek (1979) . This author has proved that the Zn content in the blood plasma reflects directly the Zn concentration in the feed ration. The significant decrease in the hematocrit of bulls with hypomagnesaemia cannot be unequivocally explained. The extent of the participation of Mg deficiency in this syndrome has not yet been determined. It is, however, probable that the cause of the lowered hematocrit value is multifactorial, hypomagnesaemia being not the only causing factor. The fall in hematocrit values has been observed also in metabolic alkalosis and hyperphosphataemia, i.e. in metabolic disturbances reflecting imbalanced feed rations and digestive disorders in forestomachs.
Metabolicky profil byku v iiru v podminkach velkovyrobnich technologii V 10 specializovanych zavodech pro vykrm skotu byl sledovan pomoci systemu preventivni diagnostiky vyvoj zdravotniho stavu zvifat. Byl stanoven metabolicky profil u bykii zdravych, u bykii s poruchami typu metabolicke acid6zy, metabolicke alkal6zy, rachitidy, hyperfosforemie a hypomagneziemie. Byly prokazany statisticky vyznamne rozdily v hodnotach zakladnich biochemickych ukazatelii mezi skupinou zvifat zdravych a skupinami postizenymi jednotlivymi metabolickymi por1,lchami. Jsou diskutovany pfiCiny a charakter zmen v biochemickem profilu jednotlivych skupin zvifat a moznost vyuziti ziskanych poznatkii v casne diagnostice metabolickych poruch u bykii v ziru.
